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(54) OPTICAL ADAPTER FOR STEREOSCOPIC VISION AND STEREOSCOPIC SYSTEM 
(57)Abstract: 

PURPOSE: To provide an optical adapter for 
stereoscopic vision for respecively picking up videos for 
right and left eyes from a binocular microscope and a 
stereoscopic system of one system capable of easily 
realizing stereoscopic vision by using a simple and 
inexpensive equipment. 

CONSTITUTION: The videos from the binocular 
microscope 1 picked up by a wide-vision camera 3 in a 
state where they are separated to the video signals for 
the right and left eyes by an image pickup system optical 
adapter 2 are monitored through a distributing/recording 
and reproducing system 4 and a transmission system 5 
as the video signal of one system. As to a display 
system by a monitor, the right and left videos are divided 
and displayed on the display screen of a wide-vision 
systerh monitor 6; and the stereoscopic vision is realized 
by the optical adapter 7 functioning as an observation 
auxiliary device respectively dividing the right and left 
screens to the right and left eyes. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] An optical adapter for stereoscopic vision characterized by having an input means to 
input a video signal for a left eye and right eyes, respectively, an image rotation means to make a 
normal image rotate a video signal on either side inputted from this input means, respectively, 
and an output means to output a normal image of right and left which rotated with this image 
rotation means, respectively. 

[Claim 2] A stereoscopic vision system characterized by having an image pick-up means to 
picturize a video signal for a left eye and right eyes from a binocular microscope and this 
binocular microscope, respectively, an inclusion means to record an image of right and left 
picturized with this image pick-up means, respectively, and a solid image reproduction means to 
reproduce 3-dimensional scenography based on an image of right and left recorded on this 
inclusion means. / 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
^ [0001] 

[Industrial Application] This invention relates to the optical adapter for stereoscopic vision and 
stereoscopic vision system which tie a wide vision (HDTV) cameria to a binocular microscope, 
and make stereoscopic vision possible, concerning an optical adapter. 
[0002] 

[Description of the Prior Art] In the operation of the brain surgery which needs a detailed and 
exact therapy recent years especially, ophthalmology, otorhinolaryngology, etc., in case the main 
way person performs an operation, carrying out the expansion Inspection only of the surgical 
operating suite of a delicate blood vessel or a nerve in three dimensions using a binocular 
microscope, the system to which an assistant, a nurse, an engineer, etc. can inspect an 
operation to coincidence by side **** of a binocular microscope is put in practical use. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional 
example, since the assistant etc. was inspecting only image of one of the two from side **** of 
a binocular microscope, he had the defect that the main way person could see only a superficial 
image unlike the three-dimensional image currently inspected with both eyes.. Moreover, the 
expensive device of dedication is needed, the system is built by two lines which became 
independent respectively until it results in an image pick-up, inclusion playback, distribution 
transmission, a display, etc., and it had become with the failure especially in respect of spread 
utilization of the complexity, the device installation cost, the running cost high, etc. of a system, 
such as synchronized-operation-izing of an inclusion reversion system, to display operation 
conditions, '^uch as brain surgery, on inclusion or a CRT monitor v^ith VTR in three dimensions. 
[0004] This invention was accomplished in order to solve the above-mentioned technical 
problem, and it aims at offering the optical adapter for stereoscopic vision for picturizing the 
image the left eye from a binocular microscope, and for right eyes, respectively, and one 
stereoscopic vision system which makes stereoscopic vision possible easily using a simple and 
cheap device. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, an optical 
adapter for stereoscopic vision of this invention has the following configurations. It has an input 
means to input a video signal for a left eye and right eyes, respectively, an image rotation means 
to make a normal image rotate a video signal on either side inputted from this input means, 
respectively, and an output means to output a normal image of right and left which rotated with 
this image rotation means, respectively. 

[0006] Moreover, a stereoscopic vision system of this invention has the following configurations. 
It has an image pick-up means to picturize a video signal for a left eye and right eyes from a 
binocular microscope and this binocular microscope, respectively, an inclusion means to record 
an image of right and left picturized with this image pick-up means, respectively, and a solid 
image reproduction means to reproduce 3-dimensional scenography based on an image of right 
and left recorded on this inclusion means. 
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[0007] 

[Function] According to this configuration, stereoscopic vision is easily made possible by 
picturizing the video signal for a left eye and right eyes by one set from a binocular microscope, 
and recording and reproducing the image of the picturized right and left by one set. 
[0008] 

[Example] Hereafter, one suitable example which starts this invention with reference to a 
drawing is explained to details. Drawing 1 is drawing showing the whole solid visual system 
configuration in an example. In this drawing, 1 is a binocular microscope and is used in the 
operation of the brain surgery which needs a detailed and exact therapy. 2 is an image pick-up 
system optical adapter, and outputs the image for a left eye and right eyes from a binocular 
microscope 1, respectively. 3 is a television camera, for example, the camera for wide visions 
(HDTV), and the optical adapter 2 is added. This output signal is still the usual method, and not 
the drawing of H:V=16:9 of one sheet but each on either side consists of picture signals of 
H:V=8:9 only for the portion of a picture signal. 4 is distribution / inclusion, and a reversion 
system, and mentions in it and reproduces distribution or an above-mentioned video signal from 
a binocular microscope 1 to a display network and a large-sized projection display network 
according a video signal to a monitor. 5 is a transmission system and is transmitted to the 
display of the wide vision method which mentions an above-mentioned video signal later, each 
right and left which 6 is a television monitor and had the parallax of each right and left in the 
screen area which divided the oblong display screen (H:V=16:9) into about two by displaying 
according to the sent signal at right and left — an independent image is formed. 7 is an optical 
adapter as an observation auxiliary device, and makes stereoscopic vision possible by making it 
deviate so that it may become the screen left part of a television monitor 6, the eye of right and 
left of each image of the right part of an observer, and parallel. 

[0009] 8 is a projector and projects a light figure according to the signal distributed to the large- 
sized projection display network by distribution / inclusion, and the reversion system 4. 9 is a 
polarization adapter and contains the polarizing filter for polarizing the light figure of the optical- 
system mirror for projecting the light figure of each right and left on which it was projected from 
the projector 8 on the same location on the Silva-screen 10, and each right and left. In addition, 
about a detailed configuration, it mentions later. 

[0010] In the above configuration, the image from the binocular microscope 1 picturized with the 
wide vision camera 3 is inspected through distribution / inclusion, a reversion system 4, and the 
transmission system 5 as one video signal in the mode divided into the video signal for a left eye 
and right eyes by' the image pick-up system optical adapter 2. And in the case of the display 
network by Ahe monitor, an image on either side is divided and displayed on the display screen of 
the monitor'6 of a wide vision method, and stereoscopic vision is made possible by the optical 
adapter 7 as an observation auxiliary device which classifies the left screen and right screen to a 
left eye and a right eye, respectively. 

[0011] Next, the configuration and function of the image pick-up system optical adapter 2 and 
the optical adapter 7 which were mentioned above are explained further in full detail. The image 
pick-up system optical adapter 2 is explained below first. Drawing 2 is drawing showing the 
configuration of the optical adapter 2 for stereoscopic vision for connecting operation binocular 
microscope, one a television camera 3, for example, a wide vision (HDTV) camera, 1. 
[0012] The slewing gear (image rotator ) 203 which make a right elephant the image within a 
mirror 201,208 , a lens 202,205,207,209 , prism 206,210 , and a visual field be arrange at bilateral 
symmetry , respectively , and the optical adapter 2 for stereoscopic vision input the image like 
the surgical operating suite divided by the half prism (beam splitter ) 101 of an operation 
binocular microscope 1 from the side **** output port of each which be show with a dashed 
line , and store it in the image position of a television camera 3 so that it may illustrate . 
[0013] by this optical adapter 2 for stereoscopic vision, the image of right and left of the same 
main way part as the main way person is looking through an operation binocular microscope 1 is 
joined — it can make — the screen of the aspect ratio (9 to 16) of a wide vision — setting — a 
photograph center on either side — right and left (or right and left) — the center of each image 
can come. In addition, not only an operation binocular microscope but the optical adapter for 
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stereoscopic vision can be applied to the endoscope which needs stereoscopic vision. 
Stereoscopic vision can be acquired by projecting on a monitor the image created as mentioned 
above. There are the method by the naked eye not using an auxiliary device, for example, the 
crossing method and a parallel method, and a method by the following observation auxiliary 
devices as method of this stereoscopic vision. Next, the optical adapter 7 as an observation 
auxiliary device is explained below. 

[0014] Drawin g 3 is a plan in the condition of having added the optical adapter 7 to the monitor 
6» and drawing 4 is the side elevation. As shown in drawing 3 , it consists of opening 71 which 
has magnitude to which the optical adapter 7 corresponds to a monitor's 6 display screen 61, 
and an eye contacting part 72 which consists of prism 73 of the shape of a wedge which it is 
formed in tubed from opening 71, and is mentioned later, and the septum for dividing into right 
and left is formed in the tubed building envelope. The prism 73 of the shape of an above- 
mentioned wedge enables it to stare at the image on the displayed screen which serves as a 
point of fixation substantially in the range of a predetermined distance, when two lines (typical 
visual axis) 62 and 63 connected, respectively carry out incidence of each central point of the 
eye of right and left of an observer, a receiving set 6 screen left part, and the right part to the 
eye of right and left of an observer. 

[0015] Moreover, the tubed optical adapter 7 corresponds to the magnitude of a monitors 6 
display screen 61, changes the size between an eye contacting part 72 and opening 71 with an 
analog, and is made to correspond to the screen size of the monitors 6 various by the eye 
contacting part 72 which has the same optica! property. That is, like the dashed line portion 60 
of drawing 4 , when a monitor is small, it can be made to correspond by cutting the screen side 
of the optical adapter 7 and considering as opening, and even if a screen size changes, a work to 
which an observer's angle of visibility is not changed is carried put. 

[0016] <Modification> Although the above-mentioned example explained the case where 
stereoscopic vision was made possible to one observer to the example, stereoscopic vision is 
possible also to two or more observers. Drawing 5 is the plan showing the relation between the 
display screen on the Silva-screen 10 in the large-sized projection display network mentioned . 
above, and the polarization adapter 9, and makes possible stereoscopic vision in the observation 
auxiliary device in 1:1 systems mentioned above in the observer to whom plurality was limited. In 
drawing, 91 and 92 are polarizing filters, respectively, and 93 and 94 are the mirrors equipped 
with the adjustment device of a tilt angle. Here, a light figure on either side is deflected by the 
optical-system mirrors 93 and 94, and the light figure on which it was projected from the 
projector 8 polarizes separately with the corresponding polarizing filters 91 and 92, respectively, 
and is projected on the same location on the Silva-screen 10 in piles. And stereoscopic vision is 
made possible when an observer uses polarization MEGAME 11. 

[0017] Moreover, this invention arranges not only an above-mentioned configuration but two 
projectors in piles up and down. For example, a light figure is projected through the above- 
mentioned polarizing filters 91 and 92, respectively so that the right half plane from the upper 
projector and the left half plane from a lower projector may lap on the Silva-screen. By covering 
both the projected sides that are the left half plane of the upper projector, and the right half 
plane of a lower projector with a screen etc., it is also possible to constitute as a simple system 
which does not need the above-mentioned pptical-system mirrors 93 and 94. 
[0018] In addition, an above-mentioned screen etc. is riot used, but it is a projector or an 
unnecessary portion may be electrically cut in the preceding paragraph. Not only this but this 
' invention can be utilized for a use as shown below although the example explained above 
explained the case where it applied to the record / playback and remote transmission by 
combination, and the real-time display to an operating microscope etc. to the example. 
(1) Remote monitors, such as a dangerous-substance site (2) Uninhabited robot remote- 
operation monitors, such as underwater, underground and highly humid / high pressure, and a 
high radioactivity site (3) Development record of an accident site etc. of evidence (4) Fixed point 
observation overly according to a wide stereogram side (for example, observation record of a 
marine migration object etc.) 

(5) solidification of the system by native methods, such as 8mm video of home use, — in this 
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way According to the example, utilize the wide vision image property of HDTV and a stereogram 
image is picturized with one camera. By using inclusion by one set of a recording system, 
distribution transmission by one usual line, and a display with one set of a monitor, and projector 
Construction of a stereophonic broadcast system is facilitated, and it can be used, without 
changing an existing wide vision system and an existing device in any way, and is effective in the 
ability to reduce system cost sharply. 

[0019] In addition, various deformation is possible for this invention within limits indicated by the 

claim, without being limited to the suitable example mentioned above. 

[0020] 

[Effect of the Invention] As explained above, according to this invention, the. video signal for a 
left eye and right eyes is picturized by one set from a binocular microscope, and stereoscopic 
vision is easily made possible by recording and reproducing the image of the picturized right and 
left by one set. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. ♦ 

2. **** shows the Word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the stereoscopic vision structure of a system in an 
example. 

[Drawing 2] It is drawing showing the configuration of the optical adapter 2 shown in drawing 1 . 
[Drawing 3] It is the plan showing connection between a receiving set 6 and the optical adapter 
7. 

[Drawing 4] It is the side elevation showing connection between a receiving set 6 and the optical 
adapter 7. 

[Drawing 5] It is the plan showing the configuration of the polarization adapter 9 in the case of 
making stereoscopic vision possible in two or more observers. 
[Description of Notations] 

1 Binocular Microscope 

2 Optical Adapter 

3 Wide Vision Camera 

4 Distribution / Inclusion, and Reversion System 

5 Transmission System 

6 Monitor 

7 Optical Adapter 

8 Liquid Crystal Projector 

9 Polarization Adapter 

10 Silver Screen 

1 1 Polarized Glasses 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 




[Drawing 4] 
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[Drawing 2] 




[Drawing 5] 
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^mmm^^x%^^'^\z\^it%(o^. m^jE(Dv>x 
mt^lEvyXh^^^>Xf)>^fs.^^E(D^'^v>xt^v 

[0 0 0 1] 

o-Q^^mimmL\zmr^^(o^d^^. 

[0 0 0 2] 

mmB.^itfm^^'^\z\.ftmmkim^n^. 
[0 0 0 3] ^mmmmm.^\^xnm^^m2 A 3 9 8* 

B= (fs /fo ) Xi3A Xi3E 

X3<^j^ja^«i, iSA «T:7:t-:^;^«!«3t^»2®« 

[0 0 0 8] 4E*03ttt:^**W-T?S!*3)K^ 
a)=2taii-i (L/2 fo ) 

[0 0 10] «e*0^i»ja^*l/>XJC:feViTtt, ai 
4 {C^-r<fc -5 JC> lP;6^e^^iEcr)l/>XLi t^m^^^ 

nxi^^tz.. z,(o^^. nm\^>X(Dm^mifi tmb 

[0 0 11] bd^uai 5Jc^-rfie*WOJ:^7^. 

>XL2 LsEvyX'Lz L^y)fs.^^mmim^<D^^ 

in) . JS^KBfo i*fPftffiilWDJ:D»l. 5-1. 
7m%±x^^. ^oftiblz. ifrlBcoiC (i) > (2) ★ 

f 0 = fp- f » / (fp + f D 



* 2 o^mwi(Dh(Df)m^nx\^^ho z.<Dmuw^. iev 
-c. z.<DMmu>x<Dnv>x^m&vjEu>x^»m 

[0 0 0 4] S;rcHa^ffi»r§eB9 0 0 3 4 5 S^tClB 

Xi:^l^>Xi:OWRI^*5j3 0mm^{b$ii:Tf^i5fE««r 
1 5 Omm;&^^4 5 Om^xmWLmmt-^-^t^^o^ZVX 

[0 0 0 5] 

m^K)^:h:^vmx^^<Dx. ^^(Dmrnj^Mf^uyx 

[0 0 0 6] 0 1 3 v:tm<om»mmkx-iiSL 
&**>*iSttenrcT:7:j--;^;i'^f&>ie^»2 

j|S»V>X3a:> «(?)g!»&ttiETS#Dr^UXA4 

(h, gBav>X5<hfir<i;»3«^$nTVi^o ^(oyt^^ 

©^*C03|g^fg^B«. :*CD^ (1) T^^PSnSo 
[0007] 

(1) 

<Z)^ (2) T^t)$ns. 
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iti^^iDt>i)^^>^o\z. ^M<Dmm^93U>x^m\f^ftm 

55:#:^*(C1/1. 5-1/1. 7lcM^f^o 

[0 0 12] ±mo>^oUMmu>x\z:^\^^x. 
Mmmzmmr^c mie\t. mm^^K^m\z. 

e^mo^jsuewifo tt, (3) TStD^n^. 

[0 0 13] 

-D) (3) 



fc^Lfo ttaw>XL4 <DJi;SCffilll. fpttiEl^>X 

L,(Dmj^mm. B}tM.u>xi.AtjEu>xi.s t<D^ 

WD= (fp-fa -D • fn ) / (fp +fi. -D) 

^ (3) (4) ,!:35^e.j^^^«ltf^»K»^:COit [0 0 16] 

*C0^ (5) JC^f^t^lC^i^o 

fo /WD=fp-f. / (fp^fo -D- fo ) 
= 1/ (l~D/f p ) 



l5f [0 0 1 4] XP'>X»a>f^»]©»WDtt. *<0^ 
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:i;i-c. tfiB<Disnmmmmm9 00345 smzmm 

f . =-108.1 , f p =102 

D=37.5 (Dm WD =160 . f» =253, fo /WD 
=1.6 

D=15.6 <Om WD =430 . fo =507.7 , fo /W 
D=1.2 

fn =-116 . f p =108.2 10 
D=42.8 (Om WD =150 , fo =248.1 . fo /W 
D=1.7 

D = 16 COWf WD =450 , fD =527.9, fo /W 
D=1.2 

f » =-125.4 , f p =113.9 

D=45.6 (Dm WD =150 , fo =250.1. fo /W 
D=1.7 

D=15.8 (Dm WD =450 , fo =522.6 , fo /W 
D=1.2 20 

mm<Dm4 

f » =-132.5 , f p =116.6 

D=38 (Dm WD=193.3, fo =286.7 , fo/ 
WD =1.5 

D=16.5 (Dm WD =409 , fo =476.5. fo /W 
D=1.2 

±m(Dmft^^. mzf^mmmtm^^m. m^mm fo u 

-So 

[0 0 17] ;izi^n«!iu>xm^\z^r)m^iti*(Di& 30 

(A) fs (D^^i^lZ-r^o 

(B) i3A (Dm^i^^Z-t^o 

(C) /3k (Dm.^i^\Z^^o 

f3 cDM^;^fc-r^i:. mmm'mm^^m\zf3iX> . 

(Dm^:^\zr^tLry^-:^)V^^^^^(DUmi&iEfA 

mmzuy). &t (D^^±\z'r^hmsiv>x<D»mm 

ifi/h^<ur>wm\^\z<<fs.^o 
CO 0 1 8] XS:*S<7>«il>^te±-rs?:*m (D) 

[0 0 19] S9fBcojfe'&«*<DfiT#©Sfrjl:C)fc86<D^ 
Sco^-fe (A) . (B) , (D) li^*S«»<OS*tt 

mi*^mm»(Diz»^m^«iu>X(DRr)\zif^Fmmm 

(Dh(D\z^m'^ c itcj; r)f&*(Z)&T*;<? A-r-S c 

^ifim^^ifi. mfs^v\z<<f^^±iLim(D»^^^t^ 

<• 50 



[0 0 2 0] MJC, ^^fflO®ia^tC:feViTH. 

^mm^mtmm^z i^xm^mtimmr^ z. tf)m^ 

n, 011 (C) \z^^^^\zM«tU>XJ:,V«o^m\z 

<j:5\zi^rzh(Df)^m^^nx^^^. cioiaii (o 

(D^vtSimgLlZhftm-^. A-75^-HM3&ti2B^n 

x^^^^f£^mmmui¥mmmwD (m) ii)m< fsi^o 
z.<Dmmmiii^mmmf)mmf3im\z/s,^^'^\z'r^rz,^ 
\z\t. MV9U>X(D^^mt^mmm^izizi.m'fn\i:f^ 
Mmu>X(Dm}^mmf)^^<^^>. :i<d^^\zm 
m V >x<DmM.mm^m< u.^ i&mRz^^imT^m 

[0 0 2 1] *^9^ii. mM.mmf)^i^mmmtmmi::^ 

[0 0 2 2] 

m-(Di^m^^m<D»^\zmmx^j^^mm vtz^t^m 
mmx. mmMf^^^m^c>r3:<th-z>(Du>xm^ 
o;5:o> &u>xmm(Dmm(D3t>'p^< hh-^(Dm 
m<Dyt»&^^it^^^ rh\z^ Dfp»ie»^«;i#s 

^^\zVfth(D\z^i^x. ^m^^yt^^cD^-^mi^^ 
[0 0 2 3] 

iE<Dm<D^mm (Mm<D^^m:> ^mMm\z^n^^m 

'^\'y:b^t.f)^m^^(Dx. m^m^^VFwmm\zmr:3n 
^zLhii'im^^. t(Di&M. M,(Dm(D/tu-^^<r^ 
z.tf3i<. Mmu>x±i^(Dm^mm^/i^^<r^::ii 

[0 0 2 4] mi i\^&.±(DM(Dmm(Drc^(Dh(Dx^ 
c(Dmx\mmu>X(Dmm^^m^«Lm\zm-fft 
M(Dmm^n^vrz^<D/'^u— 1 o hvxm^^x$>^ 
fA. z.n\ti^!>ru^m^m^^^m\zn\tvrznu>x^ 

m^f^t^^'DChXJitfSit^^. CCDmi 1 (A) 

(5' ) fca-^^^Tiftw-rso m^z7^r^o\zmm(DM. 
(D/^u-<o^iE\z^ r)Mmu >x±mt^^f}^ %i^^m 

(D^-i^±)V^\t^(D^ 5 \zmts Z.t:\ZU^. 

[0 0 2 5] mzno)mf)^^(Dh(Dtmi:^u>xx^ 
M(Dmiz^^»&mi^n\tRt>iE>m^o r 

m^mmr^\z\t. m^M(DmtiE(Dm<Dm\zmf)^nx 

i^^^mmi l(Dt&@{c:j^;SCffi«fp=Lo+D©A'7-«r 
[0 0 2 6] T^it^-^. BDffi^^frt^ttem, ctOlljaSg 
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[0 0 2 7] eiiiT. iE^tt;?tJ:tfc«^'r-65»«. -T 

[0 0 2 8] c:nJr<J:D (5' ) a;A>e>*?;&^«i<fc'5JCf 

Sofl^WcD^^(^)|a|l-4Jc'bi:-:^v^T> ^IRlc«s?) 
;/&:t>CD>^TIBO«l-4T*So -rJ^OSaSlfflSfiem 
9 0 0 3 4 5 8-^lCfBt^^n;fe^SSI?!ll-4{C;feViT, 

To 
051 

f. =-108.1 . f p =80 

D=15.5 (Om WD =160 . fo =198.4, f, /W 
D=1.2 20 

D=-6.4 (Dm WD =430 , fo =398.2, fo /W 
D=0.93 

m2 

f. ="116 , f p =80 

D=14.6 (Om WD =150 , fp =183.4, fo /W 
D=1.2 

D=-12.2 (Om WD=450 , fn =390.3 , f o /W 

D=0. 87 

«3 

f, =-125.4 , f p =80 30 

D = 11.7 (Dm WD =150 , fo =175.7, fo /W 
D=1.2 

D=-18.1 (Dm WD =450 . f o =367.1 , f o /W 
D=0.82 

m4 

f D =-132.5 . f p =90 

D=11.4 (Dm WD=193.3. f. =221.1. fo / 
WD =1.1 

D=-10.1 WD =409 . fo =367.8. fo /W 

D=0.9 *49 

r 1 =-94. 399 d i =5 n 

r2 =76.544 d2 =5.25 n 

rs =197.905 ds = 30-'15.32- 

r4 =216.216 d4 =13.28 n 

rs =-108.417 ds =1 

' rs =75.177 ds =33.84 n 

rr =-66.907 di =11.63 n 
re =132.222 

ds =30©^ fo =-123.1, fp =80.5 

D=12.9. WD =150 , f. =180.0, f. /WD= 50 



±m(Dm^^n{it)f)^^^v\z. *^?gjcj:nff> dco 
mtmffmm(Dmmmmmm(D^mm(DD(D^itmhm 

< 0 \t. iE(Dm(D±^^mfi^M.(D»(D^^&m^ o 

[0 0 2 91 x^^(Dmt^m»a<DMmu>X(D^^ 

\z. iE(Dm(D^m^^m^^^^'mi)^€bm^»r). iE(Dm 
(D^j^if^]E(omi^\zi<Lm'r^m^^z\t. m\ZiE(Dm(D/^ 
u-^m< i.xM(Dm\zi&'^\fx^. mmizMMMm^ 
ipmmm\zm^{f^z,tif^ai^^f}^. ^(d^-^. ^(Dm 
tJEo^»t(Dm(Dmm(D^itmM^\zur)x^(Dm(D/^ 
Kf-h^<f3i^rz^iRmmiEitmm\zt3i^. ^ftvsmm 
\z^A(DmtiE(D»t^i&^n^mm\zwLnfi^^^ftib 

[0 0 3 0] &.±(Dmmf>^^lE(Dm(D^jSi.i<Lm^n(Dt^ 

{zi&^n^^mtvxmhMW:ts^^(D\:s.. mmw^m 
^mm^\Bm\z^^^tx^^o ^ti*cj:oT*«& 
mmf3i<»^\zm^f^z:tifim^. n^(D^±^m^^ 
\z±m(Dmi^%mpi^z.ttiimM^o ^iniz^-o 
xmm(D^ 5 /3im^(Dm#^m9m(DMmu>X(DiE(Dm 
^n<Dmtm(Dmh(D-^\z»if^^^'^n:fSLmhi^. 

lE(D/'%U—(Dm^^m\Z^WL'^^^ ^ t*^IBtC3S: 

-m&mzmjEvm^^oizfSi^. 
[0 0 3 1] m\z:^^m(D^#mmmx\tmi kd 
(B) (D^^\zi^m^^^^^^(DM^ytm^(Dmi^m 
^^m\z^(Dm, iE(Dm(Dmmt\tm(Dmm\zT^:iii 
^-^mx^^o c<D^o\zMmytm^^^ mt^m^rym 
\z. iE<Dmt^(Dm\zxm0^Tn\t. jkdsiicd 

(B) tf^ib^t>fi^^J:'^\z. MV!iyt^^(Dm^m^f^ 

[0 0 3 2] X. :^¥im(Dm#^mmM\t. mix (o 
\z^^^^\zMmu>xj:y>mi^m\zmmmmm(D/\- 
y^y-Hu^mmvmm^i^WimmwD (m) f^m^p 

[0 0 3 3] 

1 



vi =58.7 
V2 =25.4 



1 =1,61272 

2 =1.80518 
-1.27 

4 =1.88300 

s =1.48749 
7 =1.84666 



V4 =40.8 

vs =70.2 
V 7 =23. 8 



1.2 

ds =15.320Nf f- =-123.1, fp =80.5 
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8 



D=-2 WD =250 . fo =245.4. fa /WD=0. 



d3 =1.27©^ f. =-123.1, fp =80.5 



=5 
=5 



n =-81.612 
n =81.559 
r^ =158.464 
r4 =89.23 
rs =82.517 
re =-113.078 

rr =63.174 dr =7.08 nz =1.88300 

re =184.475 

rs =-125.044 d 9 =6.68 119 =1.75550 

rio=52. 766 

da =30.96<D^ f » =-129.8 , fp =82.8 ^98 
D=13.2 WD =150 , fo =180.0, fo /WD = 
1.2 

da =15.34 <DWf fo =-129.8 , fp =82.8 
D=-2.6 WD =250 . f. =243.8 . f. /WD = 5K 



4e 

di 
dz 
ds 

d-c =5 

ds =14.64 

ds =0.2 

dr =7.08 

ds =5.45 

d9 =6.68 



*D=-16.2 WD =450 , fo =376.3, f. /WD = 
0.84 
[0 0 3 4] 



ni =1.51742 
nz =1.84666 
=30. ge-'lS. 34-0.2 

n< =1,84666 
ns =1.81600 



vi =52.4 
V2 =23.8 

VA =23.8 
V 5 =46. 6 

VT =40.8 

V9 =25.1 



ri 


=-86.77 


di 


T2 


=57.366 


d2 


ra 


=173.559 


da 


r* 


=173.271 


d4 


re 


=-97.276 


ds 


r6 


=68. 771 


de 


rr 


=-56. 585 


dr 


rs 


=110.538 





=5 ni =1.71300 

=6.76 na =1.85026 

=20—9. 91-^0. 93 
=13.42 n4 =1.88300 

=1—2.43—1.7 
=28.83 ns =1.55232 
=5 Til =1.84666 



ds =0.2 OM fn =-129.8 
D=-17.9 WD =450 , f . 
0.83 

[0 0 3 51 ^093 

VI =53.9 
V2 =32.3 



fp =82.8 
=371.4 , f . /WD = 



ds =20 . ds =1 COI^f □=-91.9, 
=10.7. WD =150 , fo =180.0. fo 
da =9.91. 
4, D=0.2 
WD =250 , 



fp=67.7, D 
/WD =1.2 
ds =2.43©^ fa =-91. 9. fp=67. 

f c =252.7 , f 0 /WD=1.0 ^ 



★ da =0.93, 
6. D=-8.7 
WD =450 . 



V4 =40.8 

V B =63. 7 

V 7 =23. 8 

ds =1.7 (Dn 
f 0 =400.2 , f 0 



fo=-91.9. fp=67. 
/WD =0.89 



30 [0 0 3 6] ^«4 



ri 


=-116. 109 


di 


=5 ni =1.76200 


V I 


=40.1 


ra 


=124.714 


da 


=5 na =1.84666 


V 2 


=23.8 


rs 


=398.541 


da 


=31.24 -15.77—1 






r4 


=272.964 


d4 


=12.26 n4 =1.88300 


V 4 


=40.8 


rs 


=-110.308 


ds 


=1 —16.47—31.24 






rs 


=73. 695 


de 


=34.05 ns =1.56873 


V 6 


=63.1 




=-71.846 


dr 


=11.44 nr =1,85026 


V 7 


=32.3 


rs 


=98.97 











ds =31.24.ds =1 ©^fo =-123.9, fp=81.1. 
D=13.2 

WD =150 . fo =180.0, fo /WD=1.2 
ds =15.77, ds 
8.4, D=-4.4 



40 WD =250 . fo =237.3 , fo /WD=0.95 

d3 =1. ds =31.24 a>^f D=-123.9, fp=76. 
0, D = -21.2 

fo /WD=0.78 



= 16.47 (Omn = 


-123.9. 


fp=7 


WD =450 , 


f 0 =352.7 , 








[0 0 3 7] 




ri =-72.695 


di 


=15. 71 


ni =1.77250 


vi =49.6 


ra =-66.231 


da 


=1 






fa =-25734.747 


d a 


=18.14 


na =1.55232 


V3 =63.7 


r4 =-54.238 


d4 


=5 


n4 =1.84666 


V4 =23.8 


rs =-93.496 


ds 


=1 






ra =129.011 


de 


=9.15 


ne =1.88300 


V6 =40.8 
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9 10 
n =-528.415 di =30--ll. 2— 1. 06 

rs =-470.214 d s =5 ns =1.84666 vs =23.8 

rs =-89.676 d » =5 n9 =1.88300 v» =40.8 

r 10 =76.104 

f. =-71.8, fp =66.3 *WD=250 , fa =228.3 , fo /WD=0.91 

d7=30©IISfB =-71.8 , fp =66.3, D=-34.1 dr =1.060!)B#fB =-71.8 , fp =66.3 . D=-5.1 

WD =150 , fc =120.0, fo /WD=0.8 WD =450 , fo =444.9, fo /WD=0.99 

d7=11.2©^fo =-71.8 , fp =66.3 , D=-15.4 * [0 0 3 8] mS&m^ 

n =496.433 di =10.603 m =1.72916 vi =54.68 

Ti =-46.77 d2 =5.8 Xii =1,84666 vi =23.78 

13 =-100.961 da =0.2 

r4 =111.506 d4 =5.8 n4 =1.741 V4 =52.68 

rs =3383.857 ds =27.353—3.911 

re =-260.542 do =5.344 ne =1.84666 Ve =23.78 

Ft =-49.97 d7 =4.9 =1.7859 vi =44.18 

rs =67.721 

de =27.353 <0^fn =-72.46, fp=72.958, D=-3 5KWD=315 , fo =249.316, fo /WD=0.79 

5.742 ds =3.911 <JD»^ f«=-72.46, fp=72.958. D = - 

WD=215 , fo =150. fo /'WD=0.7 12.3 

dfi =13.314 O^fn =-72.46, fp=72.958, D=-2 20 WD =515. fo =447.954. fo /WD =0.87 
1.703 ^ [0 0 3 9] IIJg«7 



ri 


=-1396. 503 


di 


=5.8 


ni 


=1.883 


V 1 


=40.78 


Ti 


=-145.126 


d2 


=0.2 










rs 


=89.574 


ds 


=5.8 


ns 


=1.84666 


V 3 


=23.78 


r4 


=43.977 


d4 


=11.094 


n4 


=1.6968 


V 4 


=55.52 


rs 


=-369.023 


ds 


=27.253—0.823 








rs 


=-249.999 


ds 


=4.9 


tie 


=1.72916 


V 6 


=54.68 


r? 


=33 .227 


d7 


=4.953 




=1.85026 


V T 


=32.28 


rs 


=58 . 947 















ds =27.253 ©!^ fn =-72.695, fp=75.016, D= 59*WD=315 . fo =236.347, fo /WD =0.75 
-41.429 ds =0.823 COI^ fo=-72.695. fp=75.016, D = 

WD =215 . fo =139.443. fo /WD =0.65 -14.999 

ds =11.219 01^ fD=-72.695, fp=75.016, D= WD=515, fo =430.155, fo /WD=0.84 

-25.395 









★ 


[0 0 4 0] 




ri 


=166 . 942 


di 


=5.8 


m =1.80518 


V 1 


=25.43 


T2 


=63.844 


d2 


=9.971 


n2 =1.618 


V 2 


=63.38 


rs 


=-158.253 


da 


=0.2 








r 4 


=127.687 


d4 


=5.8 


n4 =1.741 


V 4 


=52.68 


rs 


=-410.021 


ds 


=27.712-0.834 






re 


=-264.889 


de 


=4.9 


ne =1.72916 


V 6 


=54.68 


r? 


=33. 597 


d7 


=5.617 


m =1.85026 


V 7 


=32.28 


rs 


=62. 657 













ds =27.712 01^ f»=-78.371, fp=76.574, D= WD =315 , f» =252.353, fo /WD=0.8 

-38.21 ds =0.834 (Z>^ f. =-78.371, fp=76.574, D = 

WD =215 , fo =150, fo /WD =0.7 -11.332 

ds =11.486 01^ ft. = -78. 371, fp=76.574. D= WD =515. f. =457.062 . fo /WD =0.89 

-21.984 [0 04 1] mmm^ 

n =341.982 di =5.8 nt =1.72916 vi =54.68 

r2 =-124.091 d2 =0.2 

rs =127.419 ds =9.163 n 5=1. 618 vs =63.38 
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Ta =-80.46 
r6 =-270.425 
re =-251.974 
Ti =-57,244 
rs =75 .009 
f „ = -77. 365, 



d4 
ds 

d7 



(7) 

=5.8 
=29.237- 
=4.9 
=4.9 



n4 =1.84666 
0.562 

ne =1.84666 

m =1.7859 



V 4 
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=23.78 



V6 =23.78 
vr =44.18 



fp=77.283, D = 



ds =29.237 CONf 
-42.121 

WD =215 , f« =141.643 , f. /WD=0.66 
d s =11. 764 (Dn f - = - 77. 365. f p =77. 283, 
-24.648 

n =188.249 dt 
Tz =65,21 d2 
rs =-145.097 d s 

r4 =127.251 d4 
rs =-1556.541 ds 
rs =-433.572 d« 
Ti =-67,376 dr =4.6 

ra =7L722 

d 6 =29. 299 Ol^ f B = - 80. 933, f p =77. 916, D =- 
39.02 

WD =215 , f. =149.997, fo /WD =0.7 

d5 =12.098 CD^fo =-80.933, fp=77.916, D=- 

21.822 

WD =315 . f. =253.867 , fo /WD=0.81 

d5 =0.92(01^ f« =-80.933, fp=77.916, D = -l 

0.644 

WD =515. f 0 =461. 604 , f o /WD =0. 9 
Itl^X.rx . ra , - • • >i&l^>XMOft^¥ 
di , d2, • • • \t&vyx<D}^m. n 
1 , n2 , • • • HftUVX^DJS^^, vi , 

[0 0 4 3] AL^%mm^. mMmi^^rS2\mii. 

[0 0 4 41 cme^HftW*. iE<0^>X»<OiEc3!>/^'7 

X»<Dg^ffiT?%^^ii:TVi-5«MJR^, fiiK^Tfl-^ 
tS$n-5<J:3JcL.T*D, XficoV>X»©»^W£W 
(D®T%*T^5^MiR^:feci:t^fiiRM*ftOU>XPcD 

X»T<Z>±ffiiR^<Dai??iRII*Pl^>X»TSVi|CjT^ 
^t"i:3JCLT*^o XiE<D#V>XS:»tt;^::e:^»CJ: 

[0 0 4 5] X*JS«^3:fei;t;4«, 03, 4 iC^-T'b 

COT, ft*fi!lJ:Dji@Jcftcow>Xp-e*smi«tiECD 
>X»T&^»» 2 pa:<C»5a:fe J: WtfE»2 PiiftCT) v 
>X»-C*<5«3»t©W©P*03tKSfHBi&a!Yfc:$ 



*WD=315 , f. =241.781, f. /WD=0.77 
ds =0.562 CDI^ f, =-77.365, fp=77.283, D= 
-13.446 

WD =515, f. =442 , fo /WD =0.86 

[0 042] "mmi 0 



m =1.84666 
n2 =1. 



D= 

-¥10 

=5.5 
=10.15 
=0.2 

=5.5 n4 =1.72 

=29.299--0.92 

=4.751 n« =1.84666 

n? =1.795 



VI =23.78 
V2 =55.52 

V4 =50.25 



V 6 

V 7 



=23. 78 
=45.29 



20 [0 04 6] '^\zmmm 5 \m 5 tc^T'boT. m#^m 
yxmrncD^^^mm^^it'^^xv^mmm^^it^'^ 

[0 0 4 7] ^(DmMmB(Dn^v>x\^. :k\zm^^ 
mmm^Tjmmmmi o<Dv>x^xK^^. je(du>x 

uvm^^oizi^x\r^^. 

[0 0 4 8] mmmejb^mmmioi^. mejbmmi 
o\zfrt'r^(ox. mmm5tm\:^<. ^i^mt^^miz. 
jE<DV'>xmLM<r>u>xmtf)^^ur). mu>xmm 
(D^i^^mm^^it^^xi^mmm^^it^^^^o^z 

M^u>x<D±^^&i3fii^ts<'r^rz^\z. iE<Du>x 

m^JEOlS'^U>Xi:JE(Dm\y>Xhfi^^m^^nxi^^ 
40 [0 0 4 9] lin^U>Xm\t. tH5©,l:'5JCiE®l^> 

xmtM<ou>xmo:>mm^mit'^'\txi^mmm^m{[: 
^'^^^3\zvx^^(Dx. T^x(Df^mmm\z:^\f^x 
um^A0\zmiE'^n^^3\z^u>xmm»xt(sim<D 

®«#iRS^s^<i \znt>mv^ -5 cfc -5 tc vx±j^(DiRm 

X»<ht>i*'&l->X*ffiVi, Sg'&W>X(OS^'&ffit5aco 

m«<Dm^^mt^feL<Dm^^^mmLxu>xmmi^x 
(DummM^^x^^^^A»\ziejEVx\^^^. 
50 [0 0 5 0] X, ^^^mM^^K-r^^sbizu. s» 
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[0 0 5 11 mmme^jizsmmm?}^. isaaoiEcD* 
u>x^jE(Dti^u>x<DMu>xm\zmmhrch<o^ 

X(Dm^m^^m\zMhm^^x^Mh. m^mxmm,x 

m\zm:<fsi^o ^<D^o\z. m'tm-vms.xmzjBKfsi 
^\^E&mviS}mm<u^o ::n^'^n^rctb\z\t. 

u>X(Dmmti^^Nzf^r). mf^^±\zhf3:nn\tu^^ 

m-ftiift. zLiD^^fsi^-i^^^m^AmzmiEmM 

[0 0 5 2] :i<D^^\z. tt-LT-i;:^;^3te»:^/tJg^pl5 

t?r»60® T<D /I y - J^«i^^ JCgB4> S tXT V^i^ V^lO^ ^ T 

— ^fe-^Mti. ri. rs, r4. rsTffc^o em^<7>ffi 
0!)/t»7— JSriT^tO. 0 0 3 5T&^c^>MUXr3'-r5 
(O/^y-ftO. 0 3 4-e*0* »-&M<Db9S^^(^/1»7— 

^«/h$<. r iiz/^K^-^mrcit^^itLifmmiztsi 

u>x<DMu>xmf>m^^ii\zf3ir). m±'^-i^:^)u 
^mm^tm^zmrnxm-r^^^izu^. mmm ? tco 

[0 0 5 3] 8 7!rM^]&S0»l 1 0 JECO^U-^X 

^jE<Dm'^u>X(DiEu>xm\zmmvrc^<Dx$>^. 
z,(o^^\zmur^^ii\z^r:>x. iE(Dm^u>X(Dm 
^m(Dm^\z^^^x<D/^Kf-m^f)mmzjS:<r^o. m 
±^-z^'r)v^mf)^m^m\zmmu:^mz\^tf^'^z.hf}t 

fi«L/(cb-^-rvio 
[0 0 5 4] m^^t. nmmsit. iE(Du>xm<D^x 

iECD/ty— ^fe^OMJin. r3, r4. rsTa&S. ZLtl 
io<Dv^T i<D/^^—\±0. 0 1 lT*S©lr?*bX 
rs. r4, r5<^/^>7— «0. 0 2 8 T3&So X^Jffi^d 
6 :fecfci;^»«?!l 7 lCit^TiE®»'&U>XcZ)»-&BOffi 

1 0 (0(^-5 ^^iR^^MjEb-^rv^Wj^T^^So 
[0 0 5 5] IIJfiMSTiMIISfi^BIl Ott. JE(DU>Xm 



(8) i|^§S:sF6-2 1 4 1 64 

:fej:rx, ^<DU>xm<Dmm\z^^m^>f)^^^o m<Du 

^^m^zmm-r^ ch\z^r:>x±^^«s#^m^»wiL'. 

^Tz. M<D]y>xm\zi^i^x\t. mmms<D^o\zjE<o 
u >xm^mm\zmnr^ :ih\zir) MjSi^mmiz^m 
vmc<mu >xmm<o^Amm^:k^ < -r s c: t^ft^m 

*So 

[0 0 5 6] z,n^<Dmm^u^'^t>^^^t\z^^x 
10 ^j^mm^mmvx. {tm\z^^r:iu>x^mwr^^:z 
tifm^^c m^\i^ (5* ) cto^j^FflRiD mmm 
6-iottft) ft^M,w\z±^nn\i±^\^mfo/yfD 

[0 0 5 7] f^±m<D&mmM\t. mi 2\Z7P:^^ot3i 

mmm\zm^^^f^mmm^s^Mmi^>xi 2hLxh^ 

V>o 

[0 0 5 8] 

i:^f)^^n&.r\zm^^<r>x. m^mm(DtsrF^iLim(o 

mi] ^^m(DmmMi(Dmmm 

[^4] ^^m<Dmmm4(DWTmm 
[gi5] :^^mommm^<D»mm 
30 [BI6] :^m^(r>mm%(ommm 

[0 7] 2|s:^?ga>||J60II7cr)»rM0 
[0 8] *^^c?)^ig0»l8®»f®EI 
[0 9] *^B>«OllJ£^9O»r®0 
[010] j^m^O^m 1 0 (D^ffi0 

[011] i^^^cDwrn^wm-r^m 

[012] :*:^^fr:feV^T&;&*Mc7>^f&7^^*i:bfe 

^o«l^*^t* 0 

[013] i5^)i<^mn^mwmo)m^^7Frrm 

[014] *j^/a^ttU>X«c::fe^ts^^iE«if^®iffi 

[015] ^^(DVfwmm^^^v>x\z^n^m^ 

[016] igafle^oWftW^XtO/iy-BBBSrW^a-r 

^0 
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(9) 



!t$gSJp6-2 14 16 4 



[02] 



mi 3] 




(B)- 



A A. 




1 

'7777 



(O- 



[03] 







^ l> 









CA)- 




[05] 



(B>- 



(B)- 





(C)- 
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(10) 



<»BS^6- 2 14 16 4 



[SI4] 



use: 



(A) 



(A) 



(W- 



+ 



{3 



(B) 





(A) 



[B7] 



(C) 











r/1 






(A) 



[BI8] 






(C) 



(C) 
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(11) 



«RriB^6-2 14 16 
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